Abstract Squamous odontogenic tumor (SOT) is a rare benign epithelial odontogenic neoplasm of the jaws. Both intraosseous and peripheral SOTs have been described in the English language literature. While most intraosseous SOTs occur as solitary lesions, a multicentric variant has also been previously described. Although the radiographic and microscopic features are identical for both solitary and multicentric clinical presentations, there are three significant differences between them. More specifically, multicentric SOT presents at an earlier age (third decade of life), has a slightly higher male to female ratio than the solitary type and has a marked predilection for African-Americans. Here we document the eighth reported case of multicentric SOT, which was diagnosed in a 43-year-old AfricanAmerican male. In addition, we feature focal sebaceous metaplasia, a heretofore unknown microscopic feature of SOT. Clinical, radiological, and histopathological findings are discussed. The differential diagnosis, biological behavior and management modalities for SOT are also addressed.
Introduction
A cascading sequence of complicated, yet precise events leads to the formation of teeth [1] Some of the embryonic structures involved in this process may persist into adulthood (i.e., odontogenic epithelium). This residual odontogenic epithelium retains the ability to proliferate and therefore, has the potential to generate odontogenic cysts and tumors that can, at times, create diagnostic and treatment challenges [2] .
One such lesion is squamous odontogenic tumor (SOT) a rare benign, sometimes aggressive epithelial odontogenic neoplasm that was first recognized as a distinct entity in 1975 [3] . In 2005, the World Health Organization (WHO) classification described SOT as a benign odontogenic tumor and further defined it as ''a locally infiltrative neoplasm consisting of islands of well-differentiated squamous epithelium in a fibrous stroma'' [4] . SOT occurs over a wide age range, but is typically reported during the fourth decade of life [5] . The tumor shows equal distribution in the maxilla and in the mandible. Although SOT is predominantly recognized as a solitary intraosseous lesion, peripheral SOT affecting soft tissue, and SOT-like proliferation arising in odontogenic cyst variants have also been described [6] [7] [8] [9] [10] . As of today, only 55 cases (51 central/4 peripheral) of SOT have been published in the English language literature [3, 5, 7, 8, . Typically, the radiographic presentation of SOT is that of a triangular or semicircular radiolucency with or without radio-dense border involving the alveolar bone. The base of the radiolucent triangle is located between the apices of the associated teeth causing root divergence. Occasionally, a multilocular presentation has been reported [5, 23] . Multicentric SOT is extremely rare; at the time of this review, only seven cases have been reported in the English language literature [3, 14, 16, 17, 26, 33, 41] . Here we report the eighth case of central multicentric SOT affecting both maxilla and mandible.
Case Report
A 43-year-old well-nourished, well-developed AfricanAmerican male was referred by his general dentist for evaluation of multiple radiolucent lesions in the mandible and maxilla. Past medical history was significant only for depression and type I diabetes.
Oral examination revealed several missing and carious teeth. Irregular buccal bony expansion of the jaws was observed. Radiographic examination (Panorex film) showed several impacted teeth (#16, #17, #18 and #32) (Fig. 1) . Tooth #2 exhibited hypercementosis. A total of eight radiolucent lesions displaying corticated margins were present in all quadrants. Two of them represented multilocular radiolucencies (one on the left mandible area of #17-18 extending mesially to the edentulous area of #19 and the other in the distal area of tooth #32 extending mesially to the distal area of a tooth #28). Four unilocular lesions were also noted: one distal to #2, one in the left maxilla, and two in the anterior mandible. In addition, two wedge-shaped radiolucencies were seen (between #10-11 and between 22 and 23). Furthermore, a large radiopacity suggestive of osteosclerosis was present in the right mandible amidst the multilocular lesion.
The patient was taken to the operating room suite and under general anesthesia, teeth #15, #16, #17, #18, #20, #21, and #32 were extracted. Full thickness incisions were done on the left maxilla, and the left, right and anterior mandible. The excised tissue appeared as solid masses that extended beyond the radiographic borders. At this point, removal of all the lesions was considered imprudent, as the patient did not anticipate a complete edentulous outcome. Extensive curettage followed by peripheral ostectomy of the surgical sites was done. The areas were copiously irrigated with normal saline and sutured with 3-0 chromic gut stitches. The specimens were submitted for H &E examination.
Microscopic examination of the specimens from intervened sites presented identical features. The specimens were characterized by the presence of numerous islands of irregularly shaped, bland squamous epithelium of varying size displaying central microcystic degeneration amidst a dense fibrous connective tissue (Fig. 2a) . Cord-like epithelial structures showing central dystrophic calcification were also noted (Fig. 2b) . Basal cell nuclear palisading and reverse polarization of peripheral keratinocytes were conspicuously absent (Fig. 2c) . Occasionally, some islands of squamous odontogenic epithelium showed cystic transformation and intraluminal laminated calcification while other islands displayed clusters of central cells reminiscent of ghost cells (Fig. 2d) . Mucous metaplasia and focal sebaceous differentiation were occasionally present in some of the islands (Fig. 2e, f) . In addition, a large island of vital dense lamellar bone consistent with reactive osteosclerosis was present in the surgical specimen harvested from the right mandible. The microscopic findings were consistent with squamous odontogenic tumor involving multiple sites. At the post-surgical follow-up visit, the patient was informed at length that he required close follow up and that additional surgical procedures were needed. He was also told that extraction of all the remaining teeth followed by construction of immediate complete dentures was indicated. Unfortunately, the patient disappointed multiple times and was lost to long-term follow-up. islands showing central laminar calcification (arrow), cluster of ghost-cell like aggregates (arrowhead) and intracellular keratinization (white arrow) (H&E, original magnification X200). e Mucous metaplasia (arrowheads) (H&E, original magnification X400). f A cluster of sebocytes is noted in epithelial islands (H&E, original magnification X400)
Multicentric Squamous Odontogenic Tumor
Only eight cases (including this one) of multicentric SOT have been documented in the English language literature (Table 1 ). An analysis of the demographics associated with multicentric SOT revealed three main differences when compared with the solitary presentation of SOT. First, the multicentric SOT presents a decade (third) earlier than the solitary type (age range from 22 to 43 years; mean age = 27.5). Second, although both solitary and multicentric SOTs have a male predilection, the multicentric variant shows a higher male to female ratio (M:F=1.6:1) than the solitary variant (M:F=1.2:1) [36] . Given the relatively small number of documented cases of multicentric SOT, this tenuous difference in gender predilection should be viewed with caution until larger series are published.
Third, the multicentric variant shows a marked predilection for African-Americans (7 African-Americans and one Caucasian). Interestingly, two of the multicentric cases presented in siblings [16] .
Discussion
SOT is a benign, slow growing, locally infiltrative tumor thought to be of odontogenic epithelial origin, although other odontogenic epithelial origins are also described in the literature. However, the pathogenesis of this tumor is still unclear [48] . Intraosseous SOT is thought to originate from epithelial rests of Malassez, while dental lamina and gingival epithelium are suspected to be the origins of peripheral SOT [10, 19] . A number of genetic, molecular and immunohistochemical studies have attempted to elucidate the mechanism involved in the development of SOT. For instance, mutation of the ameloblastin gene has been documented in SOT, as well as in adenomatoid odontogenic tumor and ameloblastoma [49, 50] . This gene is located in chromosome 4q21 [49] . It expresses a crucial protein that orchestrates epithelial-mesenchymal interactions. In addition, the heparanase gene codes the heparanase enzyme that plays a role in the cytodifferentiation of SOT. This enzyme regulates tumor invasion and dissemination by modulating extracellular matrix. Mutation of this gene is linked to the development of SOT [37] . Moreover, studies show that Notch receptors 1, 3, 4 and their ligands, Jagged1 and Delta1 may play a role in the cellular differentiation and transformation events of epithelial rests leading to the development of SOT [10] . Recent studies suggest that the expression of metallothionein, a protein responsible for cellular homeostasis of essential metals, cellular differentiation, and proliferation, also plays a role in SOT development [51] . Little is known about the immunohistochemical expression of cytokeratin in SOT [19] . The intermediate filament proteins, cytokeratin (CK8) and (CK19), are expressed during odontogenesis and also identified in SOT. More specifically, intense and diffuse signals for CK8 and CK19 are reported for the tumor epithelial cells of SOT [52] .
Central solitary SOT occurs over a wide age range, but is mainly reported during the fourth decade of life [34, 36] . Males are slightly more affected than females (1.2:1) and no ethnic predilection is observed [36] . In the mandible, the posterior region is more commonly affected while maxillary lesions have a tendency to occur in the anterior-canine to premolar area [36, 37, 41] . In rare instances, maxillary tumors may exhibit a locally aggressive behavior [36, 46] . SOT may present as asymptomatic or symptomatic lesions. [37, 41] . The symptomatic lesions are associated with bone expansion and teeth mobility [37] .
Radiographically, solitary SOT classically presents as a triangular or semicircular unilocular radiolucency between the roots of adjacent teeth, and in some cases it can be associated with an impacted tooth [3, 16, 17, 41] . In addition, SOT may also present as multilocular radiolucencies [5, 23] . The peripheral variant may produce 'saucerization' of the underlying bone as a result of localized tumor pressure [4, 37, 42] . Furthermore, the radiographic appearance of SOT may vary from well to illdefined radiolucencies with or without cortication [5, 14, 43] . Occasionally, these cases may show severe alveolar bone loss that makes the teeth look as if they were floating [16] . Solid radiopaque areas are not typically described in association with SOT. Our case presented a radiopacity in the right mandible that most likely represents reactive osteosclerosis, as microscopic examination of the specimen harvested from the right mandible revealed the presence of large fragments of vital dense lamellar bone.
The microscopic features of SOT in solitary and multicentric lesions are virtually identical. Typically, SOT presents as cords and islands of benign appearing, bland squamous epithelium of variable size, supported by mature connective tissue. The peripheral basal cell layer consists of flat to cuboidal keratinocytes with no nuclear palisading, polarization, or stellate reticulum-like areas [16, 47] . The squamous islands may exhibit central vacuolization, leading to microcyst formation. Keratin pearl formation, single cell keratinization, dystrophic calcification and mucous metaplasia of the squamous epithelium have been reported in SOT [12, 44] . Our case showed the typical microscopic features of SOT. However, this is the first reported SOT featuring focal sebaceous differentiation, a heretofore, unknown microscopic characteristic of SOT. This sebaceous differentiation underlines the pluripotentiality of odontogenic epithelium.
In this case, the microscopic differential diagnosis of SOT could include central mucoepidermoid carcinoma and ameloblastoma. Unlike SOT, central mucoepidermoid carcinoma typically has two cell types, epidermoid and mucous producing cells. Occasionally, intermediate cells can be identified. The neoplastic mucous cells are usually large, ovoid in shape and have abundant foamy cytoplasm resembling mucous acini [53] . In our case, the bland appearing squamous islands and scattered goblet cells of uniform size militated against a diagnosis of mucoepidermoid carcinoma. Acanthomatous ameloblastoma can be separated from SOT by virtue of the absence of nuclear palisading/reverse polarization and cytoplasmic vacuolization of peripheral basal cells, the sine qua non microscopic features of ameloblastoma [54] . These features are minimally expressed in desmoplastic ameloblastoma, but not in SOT. In addition, desmoplastic ameloblastoma shows a much more collagenized stroma than SOT, resulting in the compression of the proliferating epithelium forming thin caliber cords.
The mainstay of treatment for SOT is enucleation and curettage along with extraction of involved teeth [13, 36, 43, 46] . This is particularly appropriate for mandibular lesions where the density of the bone appears to restrict the spread of the tumor [14] . In contrast, the porous nature of the maxillary bone allows for an easier spread of the lesion and thus, it may require a more aggressive intervention such as en bloc resection. [14, 47] .
